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(54) LIGHT EMITTING DIODE 

(57) A light emitting diode comprising a light emitting 
diode element 20 mounted on a glass epoxy substrate 
12, this light emitting diode element 20 being protected 
at its surface side by a resin seal member 33, in which: 
a light emitting diode element for blue luminescence, 
formed of gallium nitride type compound semiconductor 
is used as the above-mentioned light emitting diode el- 



ement 20; and a fluorescent material containing layer 
21 composed of a fluorescent material dispersed into 
an adhesive is arranged on the back side of this light 
emitting diode element. On the back side of the light 
emitting diode element 20, blue luminescence is con- 
verted in wavelength to produce white luminescence of 
high intensity. 
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Description 

Technical Field 



[0001 ] The present invention relates to a light emitting 
diode of wavelength conversion type, and more partic- 
ularly to a type of light emitting diode which converts 
blue luminescence into white. 

Background Art 

[0002] Conventionally, among this kind of light emit- 
ting diodes of wavelength conversion type are known 
the one shown in Fig. 22 (Japanese Patent No. 
2900928) and the one shown in Fig. 23 (Japanese Pat- 
ent Laid-Open Publication No.Hei 7-99345). The fonner 
one is a light emining diode 1 of lead frame type, having 
a structure in which: a recess 3 is arranged in a metal 
stem 2, one of the lead frames; a light emitting diode 
element 4 made of gallium nitride type compound sem- 
rconductor is placed on and fixed to this recess 3; and 
this light emitting diode element 4 is connected with the 
aforementioned metal stem 2 and a metal post 5, the 
other lead frame, by using bonding wires 6 and 7. re- 
spectively; the whole being sealed by a transparent res- 
in 9 of bombshell form. A fluorescent material 8 for 
wavelength conversion is dispersed into the transparent 
resin 9 mentioned above. When the light emitting diode 
1 IS lit, the light emitted from the light emitting diode el- 
ement 4 impinges the fluorescent substance 8 and is 
converted into yellow so that it can blend with the original 
blue luminescence from the light emitting diode element 
4 to present white in luminescent color. 
[0003] Then, in the latter one. a light emitting diode 
element 4 for blue luminescence, made of gallium nitride 
type compound semiconductor is placed on and fixed to 
a recess 3 in the above-mentioned metal stem 2, and a 
fluorescent material containing resin 8 is filled into the 
above-mentioned recess 3 so as to cover the top of this 
light emitting diode element 4. Accordingly, in the light 
emitting diode 1 having such a configuration, the blue 
luminescence emitted from the light emitting diode ele- 
ment 4 excites the fluorescent material in the fluorescent 
material containing resin 8, and the light convened thus 
In wavelength blends with the original blue lumines- 
cence from the light emitting diode element 4 to come 
out as while luminescence. 

[0004] Nevertheless, among the conventional light 
emitting diodes 1 described above, the former had the 
problem that since the fluorescent material 8 is dis- 
persed into the transparent resin 9 which seals the light 
emitting diode element 4, the light passing through the 
transparent resin 9 drops in transmittance, decreasing 
the intensity of the white luminescence. It also had the 
problem that the fluorescent mat rial B is higher than 
the transparent resin 9 in specific gravity and thus is dif- 
ficult to disp rse unifonnly, causing chromaticity varia- 
tions not only between different light emitting diodes but 



also within a single light emitting diode. 
[0005] On the other hand, the latter had the problem 
that since the fluorescent material containing resin 8 
covers the vicinity of the top of the light emitting diode 
5 element 4. the transmission of the light from the light 
emitting diode element 4 is hampered by the fluorescent 
material so that white luminescence of high intensity 
cannot be obtained. 

[0006] It is thus an object of the present invention to 
10 provide a light emitting diode improved in the intensity 
of whrte luminescence and suppressed in chromaticity 
variations. ^ 



15 



Disclosure of the Invention 



[0007] A light emming diode according to the present 
invention comprises a light emining diode element 
mounted on a base, the light emitting diode element be- 
ing protected at its surface side by a resin seal member, 
20 the light emitting diode being characterized in that a flu- 
orescent material containing layer is arranged on the 
back side of the aforesaid light emitting diode element. 
[0008] According to this invention, the fluorescent ma- 
terial containing layer is arranged on the back side of 
^5 the light emitting diode element so that the light from the 
light emitting diode element is converted in waveform at 
the back side of the light emitting diode. This eliminates 
the need for a wavelength-converting fluorescent mate- 
nal to be dispersed into the resin seal member which 
30 protects the surface side of the light emitting diode ele- 
ment. Therefore, the resin seal member improves in 
light transmittance, allowing an increase in the lumines- 
cent intensity of the light emitting diode. 
[0009] Besides, a light emitting diode according to an- 
35 Other aspect of the present invention is characterized in 
that the aforesaid light emitting diode element is a light 
emitting diode element made of gallium nitride type 
compound semiconductor or SiC type compound sem- 
iconductor. 

40 [0010] According to this invention, the fluorescent ma- 
terial containing layer is arranged on the back side of 
the blue-luminescence light emitting diode element 
formed of the above-mentioned compound, so that the 
light from the light emitting diode element is converted 
^5 in wavelength at the back side of the light emitting diode 
element. Therefore, white luminescence of high lumi- 
nescent intensity is obtained. 

[0011] Moreover, a light emitting diode according to 
another aspect of the present invention comprises two 
or more light emitting diode elements mounted on a 
base, the light emitting diode elements being protected 
at their surface side by a resin seal member, the light 
emitting diode being characterized in that: at least one 
of the aforesaid two or more light emitting diode le- 
55 m ntsisalight mitting diode element for blue lumin s- 
cence. made of gallium nitride type compound semicon- 
ductor or SiC type compound semiconductor; and a flu- 
orescent material containing layer is arranged on the 
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back side of this light emitting diode element for blue 
luminescence. 

[0012] According to this invention, multicolor lumines- 
cence including white luminescence can be achieved by 
simple means. 

[0013] Furthermore, a light emitting diode according 
to another aspect of the present invention is character- 
ized in that: the aforesaid fluorescent material contain- 
ing layer is composed of a fluorescent material dis- 
persed into an adhesive; and the back of the light emit- 
ting diode element is firmly fixed to the base by the ad- 
hesive action of this fluorescent material containing lay- 
er. 

[0014] According to this invention, the dispersion of 
the fluorescent material into the adhesion makes it pos- 
sible to arrange the fluorescent material simultaneously 
during the process of adhesive bonding the light emitting 
diode element. 

[001 5] Besides, a light emitting diode according to an- 
other aspect of the present invention is characterized in 
that; the aforesaid fluorescent material containing layer 
is formed with a fluorescent material and an adhesive 
separate from each other; and a fluorescent material 
containing resin layer and an adhesive layer are formed 
in layers on the top surface of the base. 
[0016] According to this invention, the fluorescent ma- 
terial and the adhesive are formed in separate layers on 
the base. This ensures a greater thickness of the fluo- 
rescent material content and facilitates thickness control 
as well, with the advantage that the degree of blending 
with blue luminescence is easy to adjust. 
[0017] Moreover, a light emitting diode according to 
another aspect of the present invention is characterized 
. in that the aforesaid fluorescent material containing lay- 
er is formed on the top surface of the base by printing 
means. 

[0018] Accordingtothis invention, overprinting can be 
perfomned to secure a thickness of the fluorescent ma- 
terial containing layer and control the thickness as well. 
[0019] Furthermore, a light emitting diode according 
to another aspect of the present invention is character- 
ized in that the aforesaid fluorescent material containing 
layer is a fluorescent material containing resin sheet 
pasted on the top surface of the base. 
[0020] According to this invention, the thickness of the 
fluorescent material containing resin sheet can be ap- 
propriately adjusted so as to secure a thickness of the 
fluorescent material containing layer and control the 
thickness as described above. 

[0021 ] Besides, a light emitting diode according to an- 
other aspect of the present invention is characterized in 
that the aforesaid fluorescent material is an yttrium com- 
pound. 

[0022] According to this invention, the use of an yt- 
trium compound for the fluorescent material allows effi- 
cient wavelength conv rsion from visible light of shorter 
wavelength into visible light of longer wavelength. 
[0023] Moreover, a light emitting diode according to 
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another aspect of the pr sent invention is characterized 
in that the periphery of the af oresaidf luorescent material 
containing layer is surrounded by a dam provided on the 
top surface of the aforesaid base. 
5 [0024] According to this Invention, surrounding the 
periphery of the fluorescent material containing layer by 
the dam makes it possible to ensure a predetemnined 
thickness of the fluorescent material containing layer, as 
well as to secure a unifomn thickness under the entire 
10 bottom surface of the light emitting diode element. 
[0025] Furthemnore, a tight emitting diode according 
to another aspect of the present invention is character- 
ized in that a reflecting surface is arranged on the bottom 
side of the aforesaid fluorescent material containing lay- 
15 er or the top surface of the base, 

[0026] According to this invention, a thin film layer of 
high reflectivity, such as copper foil and aluminum foil, 
can be arranged on the bottom side of the fluorescent 
material containing layer so that the yellow lumines- 
ce? cence converted in wavelength by the fluorescent ma- 
terial is reflected upward with efficiency. 
[0027] Besides, a light emitting diode according to an- 
other aspect of the present invention is characterized In 
that an upward reflecting surface tilting outward is ar- 
25 ranged around the aforesaid fluorescent material con- 
taining layer. 

[0028] According to this invention, the light emitted in 
all directions from the light emitting diode element are 
gathered upward by the reflecting surface, thereby 
30 achieving a further improvement in intensity. 

[0029] Moreover, a light emitting diode according to 
another aspect of the present invention is characterized 
in that a lens portion of convex shape is formed on the 
top side of the aforesaid resin seat member. 
35 [0030] According to this invention, because the lens 
portion of convex shape is formed on the top surface of 
the resin seal member, light traveling straight through 
the resin seal member is refracted upward at the inter- 
face surface, enhancing the upward light-gathering 
40 power 

[0031] Furthennore, a light emitting diode according 
to another aspect of the present invention is character- 
ized in that: the aforesaid resin seal member is formed 
flat at the top side; and a fluorescent material containing 
45 layer is fomned on the top side. 

[0032] According to this invention, the formation of the 
fluorescent material containing layer on the top side of 
the resin seat material allows color adjustment on the 
top side. 

so [0033] Besides, a light emitting diode according to an- 
other aspect of the present invention is characterized in 
that the aforesaid base is a glass epoxy substrate, a sol- 
id-molded substrate of liquid crystal polymer or a sheet 
metal substrate. 
55 [0034] According to this invention, glass epoxy sub- 
strates, solid-molded substrat s of liquid crystal poly- 
m r, and sheet metal substrates can be selected as the 
base of the light emitting diode. 
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[0035] Moreover, a light emitting diode according to 
another aspect of the present invention is characterized 
in that: the aforesaid light ennitting diode element is con- 
nected to a pair of electrodes arranged on the base; and 
these electrodes are surface-mounted directly to print 
wires on a motherboard. 

[0036] According to this invention, it is a structure best 
suitable tor a chip-type light emitting diode ot surface 
mount type and excellent in productivity. 

Brief Description of the Drawings 

[0037] 

Fig. 1 is a perspective view of a light emitting diode 
showing a first embodiment of the present inven- 
tion: 

Fig, 2 Is a sectional view along the line A-A in Fig. 
1 , at motherboard mounting; 
Fig. 3 is a conceptual diagram showing the principle 
of the wavelength conversion at the back side of the 
light emitting diode element in the above-mentioned 
light emitting diode; 

Fig. 4 is a perspective view of a light emitting diode 
with the light emitting diode element placed on the 
cathode electrode; 

Fig, 5 is a perspective view showing a part of the 

cathode electrode provided with a dam, in a second 

embodiment of the present invention; 

Fig. 6 is a sectional view of the light emitting diode 

according to the second embodiment mentioned 

above; 

Fig. 7 is a perspective view of a light emitting diode 
showing a third embodiment of the present inven- 
tion in which a (ens portion of convex shape is 
formed on the seal resin member; 
Fig. 8 is a sectional view along the line B-B in Fig. 
7, at motherboard mounting; 
Fig. 9 is a perspective view of a light emitting diode 
showing a fourth embodiment of the present inven- 
tion in which a reflecting frame is arranged around 
the light emitting diode element; 
Fig. 1 0 is a sectional view of the light emitting diode 
made of a rectangular-solid resin seat member in 
the fourth embodiment mentioned above; 
Fig. 11 Is a perspective view ot alight emitting diode 
showing a fifth embodiment of the present invention 
which uses a solid-molded substrate; 
Fig. 1 2 is a sectional view along the line C-C in Fig. 
11 mentioned above; 

Fig. 13 is a sectional view of a light emitting diode 
showing a sixth embodiment of the present inven- 
tion which uses a solid-molded substrate; 
Fig. 14 is a sectional view of a light emitting diode 
showing a sev nth mbodim nt of th present in- 
vention in which a fluorescent material containing 
layer isfomn d on the topside of the seal resin mem- 
ber; 



Fig. 15 is a sectional view of a light emitting diode 
showing an eighth embodiment of the present in- 
vention in which the fluorescent material and the ad- 
hesive in the fluorescent material containing layer 

5 are separated; 

Fig. 1 6 is a perspective view of a light emitting diode 
showing a ninth embodiment of the present inven- 
tion which uses a sheet metal substrate; 
Fig. 17 is a sectional view along the line D-D in Fig. 

10 1 6 mentioned above; 

Fig. 18 is a sectional view of a light emitting diode 
showing another embodiment which uses a solid- 
molded substrate; 

Fig. 19 is a perspective view of a multicolor light 
IS emitting diode showing a tenth embodiment of the 
present invention; 

Fig. 20 is a perspective view of a multicolor light 
emitting diode showing an eleventh embodiment of 
the present invention; 
20 Fig. 21 is a perspective view of a multicolor light 
emitting diode showing a twelfth embodiment of the 
present invention; 

Fig. 22 is a sectional view showing an example of 
a conventional wavelength-conversion type light 
25 emitting diode; and 

Fig. 23 is a sectional view showing another example 
of a conventional wavelength-conversion type light 
emitting diode. 

30 Best Mode for Carrying Out the Invention 

[0038] For further details of the light emitting diode of 
the present invention, description thereof will be given 
with reference to the accompanying drawings. 

35 [0039] Figs. 1 through 3 show an embodiment in the 
case of application to a surface mount type light emitting 
diode. The surface mount type light emitting diode 11 
according to this embodiment achieves the surface 
mounting in such a manner that a pair of topside elec- 

40 trodes 13, 14 (cathode electrode and anode electrode) 
are patterned with a rectangular glass epoxy substrate 
(hereinafter, referred to as glass epoxy substrate) 12 as 
the base, and underside electrodes integrally formed 
thereto are fixed to printed wires 16 and 17 on a moth- 

45 erboard 1 6 with solder 1 8. 

[0040] A light emitting diode element 20 Is mounted 
on the topside center of the above-mentioned glass 
epoxy substrate 1 2, and is fixed to the glass epoxy sub- 
strate 12 with a fluorescent material containing layer 21 

50 applied to its back side. This light emitting diode element 
20 is a blue light emitting element made of gallium nitride 
type compound semiconductor. As shown in Fig. 3, it 
has a structure in which an n-type semiconductor 32 and 
a p-type semiconductor 24 are grown on the top surface 

55 of a sapphir substrate 22. The n-type semiconductor 
23 and the p-type semiconductor 24 are provided with 
electrodes 25 and 26, and connected to the topside 
electrodes 1 3 and 1 4 arranged on the above-mentioned 
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glass epoxy substrate 12 with bonding wires 27 and 28 
for blue luminescence. 

[0041] On the other hand, the fluorescent material 
containing layer 21 arranged on the back side of the light 
emitting diode element 20 is composed of, as shown in 
Fig. 3, an appropriate amount of fluorescent material 30 
uniformly dispersed into an adhesive 29 as a base. This 
is applied by print to the top surface of the glass epoxy 
substrate 12 with a predetermined thickness. With the 
light emitting diode element 20 placed thereon, the ad- 
hesive 29 is heat solidified to fix the back side of the light 
emitting diode element 20 to the top surface of the glass 
epoxy substrate 12. The firm adhesion obtained be- 
tween the adhesive 29 and the glass epoxy substrate 
1 2 prevents the fluorescent material containing layer 21 
from coming off. Incidentally, a fluorescent material con- 
taining resin sheet composed of a fluorescent material 
kneaded into a resin material may be formed and this 
fluorescent material containing resin sheet may be past- 
ed onto the top surface of the base as the fluorescent 
material containing layer. 

[0042] The above-mentioned fluorescent material 30 
is excited by luminescence energy from the light emit- 
ting diode element 20 to convert visible light of short 
wavelength into visible light of long wavelength. It is 
made of, for example, fluorescent substances such as 
an yttrium compound. 

[0043] Accordingly, while the above-described light 
emitting diode element 20 emits blue light 31 upward, 
sideways, and downward from the interface surface be- 
tween the n-type semiconductor 23 and the p-type sem- 
iconductor 24, the blue light 31 emitted downward in par- 
ticular impinges the fluorescent material 30 dispersed 
in the fluorescent material containing layer 21 to excite 
the fluorescent material 30 so that it is converted in 
wavelength into yellow light 32 and emitted in all direc- 
tions. Then, this yellow light 32 blends with the blue light 
31 that is emitted upward and sideways from the above- 
mentioned light emitting diode element 20, so as to 
present white luminescence when the light emitting di- 
ode 11 is seen. 

[0044] The surface side of the above-described light 
emitting diode element 20 is protected by a resin seal 
member 33 of rectangular solid shape, through which 
the aforementioned blue light 31 and wavelength-con- 
verted yellow light 32 travel straight ahead. Since It is 
chiefly composed of an epoxy type transparent resin 
and has no fluorescent material dispersed therein as 
distinct from heretofore, this resin seal member 33 is fa- 
vorable in light transmittance, consequently achieving 
an improvement in the intensity of the white lumines- 
cence blended. Moreover, in this embodiment, the fluo- 
r scent material 30 is dispersed into the adhesive 29. 
Therefore, in contrast to the conventional cases where 
fluorescent materials are dispersed into resin seal mem- 
bers, the fluorescent material 30 produces no deviation 
in disp rsion so that variations in chromaticity is sup- 
pressed during light emission. Furthermore, in this em- 



bodiment, the fluorescent material containing layer 21 
is far off the top surface of the resin seal member 33 and 
is hidden in the back side of the light emitting diode el- 
• ement 20. This means a structure less prone to effect 

5 of ultraviolet rays. Incidentally, dispersing agents such 
as silicon dioxide may be mixed into the resin seal mem- 
ber 33 for more uniform luminescence. 
[0045] The reflection efficiency of the light emitted 
backward from the light emitting diode element 20 can 

10 also be improved by providing a thin film layer of high 
reflectivity such as copper foil and aluminum foil on the 
bottom side of the fluorescent material containing layer 
21 described above, or by extending, as shown in Fig. 
4, one topside electrode (cathode electrode) 13 to form 

15 a mounting surface 35 and fixing the light emitting diode 
element 20 onto this mounting surface 35 via the fluo- 
rescent material containing layer 21 . 
[0046] Figs. 5 and 6 show the second embodiment of 
the present invention. In this embodiment, a rectangular 

20 hole 37 somewhat smaller than the plane shape of the 
light emitting diode element 20 Is formed in the mounting 
surface 35 extended from the above-described topside 
electrode 13. This rectangular hole 37 is filled with the 
above-described fluorescent material containing layer 

25 21 , and the light emitting diode element 20 is placed on 
and fixed to the same. The other configurations are iden- 
tical to those of the first embodiment described above. 
In this embodiment, when the fluorescent material con- 
taining layer 21 is filled into this rectangular hole 37, the 

30 inner rim of the rectangular hole 37 functions as a dam 
38 to prevent the fluorescent material containing layer 
21 from flowing away. This ensures a predetemnined 
thickness as well as secures a uniform thickness under 
the entire bottom surface of the light emitting diode el- 

35 ement 20, Incidentally, the dam 38 for ensuring a pre- 
detemnined thickness is not limited to the mounting sur- 
face 35 which forms a part of the topside electrode 13 
mentioned above. 

[0047] Figs. 7 and 8 show the third embodiment of the 

40 present invention. In this embodiment, the resin seal 
member 36 for protecting the surface side of the light 
emitting diode element 20 is formed in a hemispherical 
' shape, functioning as a lens portion of convex shape to 
enhance the upward light-gathering power. That is, light 

45 traveling straight through the resin seal member 36 Is 
refracted upward at the interface surface so that the en- 
hanced light-gathering power achieves an improvement 
in the intensity of white luminescence. 
[0048] Fig. 9 shows the fourth embodiment of the 

so present invention. In this embodiment, a cylindrical re- 
flecting frame 40 is arranged at the topside center of 
glass epoxy substrate 1 2. A light emitting diode element 
20 is placed therein, and the surface side of this light 
emitting diode element 20 is protected by a hemispher- 

55 ical resin seal member 36 as in the third embodiment 
described abov . The reflecting frame 40 forms an up- 
ward reflecting surface of tapered shape, with an inner 
peripheral wall 41 tilting outward, so that the light emit- 
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ted trom the light emitting diode element 20 is reflected 
by the inner peripheral wall 41 for upward condensation. 
As in Fig. 3 described above, the light emitting diode 
element 20 is fixed to the top surface of the glass epoxy 
substrate 12 through the medium of a fluorescent ma- 
terial containing layer 21 having a fluorescent material 
30 dispersed into an adhesive 29. When the fluorescent 
material containing layer 21 is an-anged, the lower pe- 
ripheral edge of the inner peripheral wall 41 of the re- 
flecting frame 40 can make a dam to prevent the fluo- 
rescent material containing layer 21 from flowing away, 
so as to ensure a predetemrjined layer thickness. 
[0049] Therefore, according to this enibodiment, the 
light emitted backward from the light emitting diode el- 
ement 20 excites the fluorescent material 30 dispersed 
in the fluorescent material containing layer 21 , and the 
light that is converted in wavelength by this excitation Is 
reflected by the inner peripheral wall 41 of the reflecting 
frame 40 for upward condensation. Thus, both the re- 
flected light condensed by the reflecting frame 40 and 
the light that travels directly through the resin seal mem- 
ber 36 from the light emitting diode element 20 are fur- 
ther condensed upward at the interface surface of the 
resin seal member 36, On this account, white lumines- 
cence of higher intensity as compared with the above- 
described embodiment is obtained. Incidentally, as 
shown in Fig. 10, the same reflecting frame 40 as de- 
scribed above may be provided in a resin seal member 
33 of rectangular solid shape. In that case, the light gath- 
ering effect is obtained from the reflecting frame 40 
alone. 

[0050] Figs. 11 and 12 show the fifth embodiment of 
the present invention. The light emitting diode 11 ac- 
cording to this embodiment uses as Its base a solid- 
molded substrate 45 molded of a liquid crystal polymer. 
A bowl-shaped cup portion 46 is formed in the center of 
the solid-molded substrate45. A cathode and an anode, 
or topside electrodes, 13 and 14 are fomned on the top 
surface of the solid-molded substrate 45 to the right and 
left astride a slit 47 in the center. On the inner periphery 
of the above-mentioned cup portion 46 are formed a re- 
flecting surface 48 which is Integrally molded with the 
topside electrodes 1 3 and 1 4 mentioned above. This re- 
flecting surface 48 is hollowed round at the bottom 49 
of the cup portion 46, so that the solid-molded substrate 
45 is seen directly. Then, the same fluorescent material 
containing layer 21 as described above is applied to this 
bottom 49, and the light emitting diode element 20 is 
placed on and fixed to the same. Incidentally, a pair of 
electrodes of the light, emitting diode element 20 and 
the above-mentioned topside electrodes 13 and 14 are 
connected with each other using bonding wires 27 and 
28. Even in this embodiment, when the fluorescent ma- 
terial containing layer 21 is arranged in this embodi- 
ment, the lower periph ral edge of the reflecting surface 
48 makes a dam to prevent the fluorescent material con- 
taining layer 21 from flowing away, so as to ensure a 
predetemnined layer thickness. 



[0051 ] In addition, the above-m ntioned light emitting 
diode element 20 and the bonding wires 27 and 28 are 
protected by a transparent resin seal member 33 which 
is fonned on the top side of the solid-molded substrate 
5 45, including the cup portion 46. In this embodiment, the 
thickness of the resin seal member 33 projecting to the 
top side of the solid-molded substrate 45 is suppressed, 
so that the light emitting diode 11 becomes low in profile 
as a whole, incidentally, underside electrodes integrally 
10 moldedwiththe above-mentioned topside electrodes 13 
and 1 4 are fomied on the bottom side of the solid-mold- 
ed substrate 45. 

[0052] Therefore, even in this embodiment, the light 
emitted backward from the light emitting diode element 
20 excites the fluorescent material 30 dispersed in the 
fluorescent material containing layer 21 . The light that 
is converted in wavelength by this excitation Is reflected 
by the reflecting surface 48 of the cup portion 46 so that 
it travels upward to enhance the light-gathering power, 
presenting white luminescence of high intensity. 
[0053] Fig. 13 shows the sixth embodiment of the 
present invention. The light emitting diode 11 according 
to this embodiment uses a solid-molded substrate 45 as 
in the fifth embodiment described above, but differs in 
that the resin seal member 36 for sealing the surface 
side of the light emitting diode element 20 is fomned in 
a hemispherical shape. The top of the resin seal mem- 
ber 36 can be positioned generally right above the light 
emitting diode element 20 to enhance the light-gather- 
ing power. Therefore, the light-gathering power from the 
resin seal member 36 can be expected in addition to the 
light-gathering effect by the reflecting surface 48 of the 
cup portion 46, whereby white luminescence of yet high- 
er intensity can be obtained, 

[0054] Fig. 14 shows the seventh embodiment of the 
present invention. In this embodiment, a fluorescent ma- 
terial containing layer 39 Is formed thinly on the top side 
of a rectangutar-solid-shaped resin seal member 33 so 
as to allow color adjustment on the top surface. The flu- 
orescent material containing layer 39 is composed of a 
fluorescent material 30 of the above-mentioned yttrium 
type or a different fluorescent material, dispersed into 
an organic solvent. It may be printed as paint on the top 
surface of the resin seal member 33, or fomned into a 
sheet and pasted. The fluorescent material containing 
layer 39 Is formed thinly, which makes It possible to min- 
imize a drop in light Iransmittance in the resin seal mem- 
ber 33. 

[0055] Fig. 15 shows the eighth embodiment of the 
present invention. In contrast to the embodiments de- 
scribed above, the adhesive 29 and the fluorescent ma- 
terial 30 are separated from each other. A fluorescent 
material containing resin 44 having the above-men- 
tioned fluorescent material 30 dispersed into a transpar- 
ent organic solvent is applied by print to the top surface 
of a glass epoxy substrate 12, and fonned into a prede- 
termined thickn ss through overprinting or the like. The 
fluorescent material containing resin 44 is dried before 
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a transparent adhesive 29 is applied thereon to have a 
double-layer structure. A light ennitting diode element 20 
is placed on and fixed to the same. In this embodiment, 
the blue luminescence emitted backward from the tight 
emitting diode element 20 passes through the adhesive 
29 and then impinges on the fluorescent material 30 dis- 
persed in the fluorescent material containing resin 44 to 
excite the fluorescent material 30, so that it is converted 
in wavelength into yellow luminescence and emitted in 
all directions. Since the fluorescent material containing 
resin 44 is capable of securing a greater thickness and 
is easy to adjust in thickness, there is a merit that the 
degree of blend with blue luminescence is easily adjust- 
able. Incidentally, aside from the above-described fluo- 
rescent material containing resin, it can also be formed 
by pasting a fluorescent material containing sheet. 
[0056J Figs. 1 6 and 1 7 show the ninth embodiment of 
the present invention, in which a sheet metal substrate 
50 pressed into a predetermined shape is used as the 
base, instead of the glass epoxy substrate 12 described 
above. This sheet metal substrate 50 is made of a ma- 
terial of favorable thermal conductivity, such as copper, 
iron, or phosphorus bronze. A cup portion 51 of bowl 
shape is press-formed in the center. As in the first em- 
bodiment described above, the bottom surface 52 of the 
cup portion 51 is provided with a fluorescent material 
containing layer 21 having a fluorescent material 30 dis- 
persed into an adhesive 29, onto which is fixed a light 
emitting diode element 20. In this embodiment, because 
the fluorescent material containing layer 21 is applied 
directly onto the sheet metal substrate 50, an insulating 
property is required of the adhesive 29. Besides, in this 
embodiment, epoxy resin 53 is filled into the recesses 
at the back side of the sheet metal substrate 50 in order 
to secure the rigidity of the substrate. A splitting slit 54 
is formed in one end of the sheet metal substrate 50 so 
that the right and left splits of the sheet metal substrate 
50 themselves form a pair of topside electrodes. 
[0057] Thus, connecting both electrodes of the light 
emitting diode element 20 and the right and left top sur- 
faces of the sheet metal substrate 50 with each other 
using bonding wires 27 and 28 can establish conduction 
to the light emitting diode element 20. The inner periph- 
eral wall of the above-mentioned cup portion 51 fomns 
a reflecting surface 55 of tapered shape, and is com- 
bined with a hemispherical resin seal member 36 for 
sealing the surface side of the light emitting diode ele- 
ment 20 to enhance the light-gathering power. Inciden- 
tally, even in this embodiment, the lower peripheral edge 
of the reflecting surface 55 functions as a dam for se- 
curing the thickness of the fluorescent material contain- 
ing layer 21. 

[0058] The light emitting diode 1 1 using the sheet met- 
al substrate 50 may also be provided with a resin seal 
member 33 of rectangular solid shape with a flat top sur- 
face, as shown in Fig. 18. In this cas , the splitting slit 
54 is stopped by an insulating tape 56. 
[0059] Fig. 19 shows the tenth embodiment of the 



present invention. This embodiment of application to a 
multicolor light emitting diode 11a has a structure in 
which cathode electrodes 13a, 13b and anode elec- 
trodes 14a, 14b are patterned in right and left rows on 

5 the top surface of a rectangular glass epoxy substrate 
12 to be the base, and the underside electrodes pass 
around behind via their respective through holes 19. 
[0060] A first light emitting diode element 20a and a 
second light emitting diode element 20b are mounted 

10 on the pair of cathode electrodes 13a and 13b formed 
on the top surface of the above-mentioned glass epoxy 
substrate 12, respectively. The first light emitting diode 
element 20a is a blue fight emitting element made of the 
gallium nitride type compound semiconductor described 

15 above, and is connected to the above-mentioned cath- 
ode electrode 13a and anode electrode 14a with bond- 
ing wires 27 and 28. 

[0061] Moreover, the first light emining diode element 
20a is adhesive bonded to the top surface of the cathode 

20 electrode 1 3a via a fluorescent material containing layer 
21 arranged on its back side. This fluorescent material 
containing layer 21 . as described above, is composed 
of an insulative adhesive as the base and an appropriate 
amount of fluorescent material uniformly dispersed into 

25 the same. This is applied to the top surface of the cath- 
ode electrode 1 3a with a predetermined thickness. With 
the light emitting diode element 20a placed thereon, the 
adhesive is heat solidified to fix the back surface of the 
first light emitting diode element 20a to the top surface 

30 of the cathode electrode 13a. 

[0062] Meanwhile, the second light emitting diode el- 
ement 20b is a red light emitting diode element made of 
a gallium aluminum indium phosphide type compound 
semiconductor (GaAIlnP). It is fixed onto the cathode 

35 electrode 1 3b via a conductive adhesive 43 and is con- 
nected to the anode electrode 14b with a bonding wire 
28. 

[0063] In addition, the light emitting diode elements 
20a and 20b arranged in a row on the top surface of the 

fO glass epoxy substrate 12 are protected at the surface 
side by a transparent resin seal member 33. This resin 
seal member 33 is composed chiefly of epoxy resin, and 
.formed in a rectangular solid shape over the top side of 
the glass epoxy substrate 12 except the individual 
through holes 19 in the above-described cathode elec- 
trodes 13a, 13b and anode electrode 14a, 14b. 
[0064] Thus, in the multicolor light emitting diode lla 
of the embodiment described above, the current flow 
through the first light emitting diode element 20a pro- 

50 duces, as shown in Fig. 3 cited before, blue lumines- 
cence at the interface surface between the n-type sem- 
iconductor 23 and the p-type semiconductor 24. This 
blue luminescence is emitted upward, sideways, and 
downward as blue light 31 . In particular, the blue light 

55 31 emitted downward excites the fluorescent material 
30 dispersed into the fluorescent material containing 
layer 21, undergoes wavelength conversion, and is 
emitted in all directions as yellow light 32. Then, this yel- 



7 



JSDOClD:<EP 1107321 A1 t.> 



13 



EP 1 107 321 A1 14 



low light 32 blends with the blue light 31 emitted upward 
and sideways from the above-mentioned first light emit- 
ting diode element 20a so as to be recognized as white 
luminescence when the multicolor light emitting diode 
lla is seen. The surface side of the first light emitting di- 
ode element 20a is protected by the resin seal member 
33 of rectangular solid shape, through which the afore- 
mentioned blue light 31 and wavelength-converted yel- 
low light 32 travel straight ahead. Since it is chiefly conn- 
posed of an epoxy type transparent resin and includes 
no fluorescent material as distinct from heretofore, this 
resin seal member 33 is favorable in light transmittance, 
consequently achieving an improvement in the intensity 
of the white luminescence. Besides, in this embodiment, 
white luminescence can be obtained simply by passing 
a current through the first light emitting diode element 
20a. This means significantly lower current consump- 
tion as compared with the conventional cases where a 
plurality of lights emitted from light emitting diode ele- 
ments are blended to obtain white luminescence. 
[0065] Meanwhile, red luminescence can be obtained 
by passing a current through the second light emitting 
diode element 20b. Since the resin seal member 33 is 
transparent, red luminescence of high intensity can be 
obtained without any drop in light transmittance. 
[0066] Fig. 20 shows the eleventh embodiment of the 
present invention, in which the second light emitting di- 
ode element 20b for red luminescence in the foregoing 
embodiment is replaced by one for blue luminescence 
and is placed on the cathode electrode 13b. This blue 
light emitting diode element 20b is made of the same 
gallium nitride type compound semiconductor as the 
first light emitting diode element 20a. It'is thus fixed on 
the top surface of the cathode electrode 13b via an in- 
sulative adhesive 42 and is put into conduction with the 
cathode electrode 13b and the anode electrode 14b by 
bonding wires 27 and 28, respectively. Incidentally, 
since the other configurations are identical to those of 
the tenth embodiment described above, detailed de- 
scription thereof will be omitted. 
[0067] In this embodiment, the first light emitting diode 
element 20a presents white luminescence as in the fore- 
going embodiment, whereas the second light emitting 
diode element 20b produces blue luminescence when 
a current is supplied thereto. In this way, blue and white, 
two-color luminescence can be easily obtained despite 
the mounting of the precisely identical light emitting di- 
ode elements. 

[0068] Fig. 21 shows the twelfth embodiment of the 
present invention. The multicolor light emitting diode ac- 
cording to this embodiment is of full color and, as distinct 
from heretofore, can produce every color with its four 
light emitting diode elements. That is, in this configura- 
tion, white luminescence is emitted by a first light emit- 
ting diode element 20a, and all the colors other than 
white are displayed by combinations of second, third, 
and fourth light emitting diode elements 20b, 20c, and 
20d. Cathode electrodes 1 3a-1 3d and anode electrodes 



14a-14d are formed in four rows on an oblong glass 
epoxy substrate 12, and the first through fourth light 
emitting diode elements 20a-20d are mounted on the 
cathode electrodes 13a-13d in succession. In this em- 

5 bodiment, the first through fourth light emitting diode el- 
ements 20a, 20b, 20c, and 20d are light emitting diode 
elements tor white, green, blue, and red, respectively. 
The first to third light emitting diodes 20a, 20b, and 20c 
each are made of gallium nitride type compound semi- 

10 conductor. The fourth light emitting diode element 20d 
is made of a gallium aluminum indium phosphide type 
compound semiconductor. 

[0069] The first light emitting diode 20a mentioned 
above is fixed to the top surface of the cathode electrode 

15 13a with a fluorescent material containing Iayer21 . The 
second and third light emitting diode elements 20b and 
20d are fixed to the top surfaces of the cathode elec- 
trodes 13b and 13c with an insulative adhesive 42. Be- 
sides, the fourth light emitting diode element 20d is fixed 

20 to the top surface of the cathode electrode 13d with a 
conductive adhesive 43. Incidentally, the first to third 
light emitting diode elements 20a, 20b, and 20c are con- 
nected to the respective cathode electrodes 13a, 13b, 
and 13c by bonding wires 27. Including the fourth light 

25 emitting diode element 20d, they are connected to the 
anode electrodes 14a, 14b, 14c, and 14d by bonding 
wires 28. Above the first through fourth light emitting di- 
ode elements 20a-20d is provided a protection by an 
integrally-fonned resin seal member 33 of rectangular 

30 solid shape. 

[0070] Accordingly, in this embodiment, the individual 
light emitting diode elements 20a, 20b, 20c, and 20d not 
only can emit monochromatic luminescence, but the val- 
ues of the currents to the second through fourth light 

35 emitting diode elements 20b, 20c, and 20d for green, 
blue, and red luminescence can be controlled to pro- 
duce luminescence of any color as well. Moreover, white 
luminescence can be obtained by making the first light 
emitting diode element 20a emit monochromatic lumi- 

40 nescence. This eliminates the need for delicate current 
control as in conventional full-color light emitting diodes. 
[0071] Incidentally, while any of the above-described 
embodiments has dealt with a light emitting diode of chip 
type which is surface-mounted directly on the printed 

45 wires 16 and 17 on a motherboard 15 as shown In Fig. 
2, the light emitting diodes of this Invention may also be 
applied to the lead-frame types described in the conven- 
tional examples. That Is, an adhesive that contains a flu- 
orescent material can be applied to recesses in the met- 

50 al stems to mount light emitting diode elements on, and 
light emitting diode elements made of gallium nitride 
type compound semiconductor can be fixed onto the 
same so that white luminescence of high intensity is ob- 
tained without the fluorescent material being dispersed 

55 into resin seal members of bombshell fomi. 

[0072] Moreov r, whil the above-described embodi- 
ments each have dealt with the case where a light emit- 
ting diode element and a pair of topside electrodes are 
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connected with each other using bonding wires, this in- 
vention is not limited thereto, and also covers such con- 
nection methods as flip chip mounting using solder 
bumps, 

[0073] Furthermore, while the above-described em- 
bodiments each have dealt with the case where the light 
emitting diode element(s) is/are made of gallium nitride 
type compound semiconductor, the same configura- 
tions are also available in the cases of using light emit- 
ting diode elements for blue luminescence, fomned of 
SIC type compound semiconductor 

Industrial Applicability 

[0074] As has been described, a light emitting diode 
according to the present invention can present white lu- 
minescence of high intensity, and thus is useful as a 
white light source in various types of display units or In 
optical communication. 

[0075] Besides, a light emitting diode according to the 
present invention is useful as a multicolor light emitting 
diode that is low in current consumption and easy of cur- 
rent control. 

EXPLANATION OF NUMERALS 
[0076] 

1 1 LIGHT EMITTING DIODE 

1 2 GLASS EPOXY SUBSTRATE (BASE) 

13 TOPSIDE ELECTRODE 

14 ANODE ELECTRODE 

15 MOTHERBOARD 

16 PRINTED WIRE 

17 PRINTED WIRE 

20 LIGHT EMITTING DIODE ELEMENT 

21 FLUORESCENT MATERIAL CONTAINING LAY- 
ER 

29 ADHESIVE. 

30 FLUORESCENT MATERIAL 
33 RESIN SEAL MEMBER 

36 RESIN SEAL MEMBER 
38 DAM 

40 REFLECTING FRAME 

41 INNER PERIPHERAL WALL 

44 FLUORESCENT MATERIAL CONTAINING PAINT 

45 SOLID-MOLDED SUBSTRATE (BASE) 
50 SHEET M ETAL SU BSTRATE (BASE) 



Claims 

1 . A light emitting diode comprising a light emitting di- 
ode element mounted on a base, said light emitting 
diode element being protected at its surface side by 
a resin seal member, the light mitting diode being 
characterized in that a f luor scent material contain- 
ing layer is arranged on a back side of said light 



emitting diode element. 

2. The light emitting diode according to claim 1 , char- 
acterized in that said light emitting diode element is 

5 a light emitting diode for blue luminescence, made 
of gallium nitride type compound semiconductor or 
SiC type compound semiconductor. 

3. A light emitting diode comprising two or more light 
fo emitting diode elements mounted on a base, said 

light emitting diode elements being protected at 
their surface side by a resin seal member, the light 
emitting diode being characterized in that: at least 
one of said two or more light emitting diode ele- 

^5 ments is a light emitting diode element for blue lu- 
minescence, made of gallium nitride type com- 
pound semiconductor or SiC type compound sem- 
iconductor; and a fluorescent material containing 
layer is arranged on a back side of said light emitting 

^0 diode element for blue luminescence. 



The light emitting diode according to claim 1 or 3, 
characterized in that: said fluorescent material con- 
taining layer is composed of a fluorescent material 
dispersed into an adhesive; and a back of said light 
emitting diode element is finnly fixed to said base 
by the adhesive action of said fluorescent material 
containing layer. 



25 



30 5. The light emitting diode according to claim 1 or 3, 
characterized in that: said fluorescent material con- 
taining layer is fomned with a fluorescent material 
and an adhesive separate from each other; and a 
fluorescent material containing resin layer and an 

35 adhesive layer are formed in layers on a top surface 
of said base. 



6. The light emitting diode according to claim 4 or 5, 
characterized in that said fluorescent material con- 
taining layer is fomned on the top surface of said 
base by printing means. 



40 



7. The light emitting diode according to claim 1 or 3, 
characterized in that said fluorescent material con- 
tain in g layer is a fluorescent material containing 
resin sheet pasted on a top surface of said base. 

8. The light emitting diode according to any of claims 
4, 5, and 7, characterized in that said fluorescent 

^0 material is an yttrium compound. 

9. The light emitting diode according to claim 1 or 3, 
characterized in that a periphery of said fluorescent 
material containing layer is surrounded by a dam 

55 provided on a top surface of said base. 

10. The light mitting diode according to claim 1 or 3, 
characterized in that a reflecting surface is arranged 
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on a bottom side of said fluorescent material con- 
taining layer or a top surface of said base. 

11. The light emitting diode according to claim 1 or 3, 
characterized in that an upward reflecting surface 5 
tilting outward is arranged around said light emitting 
diode elements. 

12. The light emitting diode according to claim 1 or 3, 
characterized in that a lens portion of convex shape io 
is fornied on a top side of said resin seal member. 

13. The light emitting diode according to claim 1 or 3, 
characterized in that: said resin seal member is 
fomied flat at a top side; and a fluorescent material is 
containing layer is formed on the top side. 

14. The light emitting diode according to claim 1 or 3, 
characterized in that said base is a glass epoxy sub- 
strate, a solid-molded substrate of liquid crystal pol- 20 
ymer, or a sheet metal substrate, 

15. The light emitting diode according to claim 1 or 3, 
characterized in that; said light emitting diode ele- 
ment is connected to a pair of electrodes arranged 25 
on said base; and said electrodes are surface- 
mounted directly to printed wires on a motherboard. . 
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